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Stability of mutants produced by aim -1 - 

Mutation producing events may occur at . a m -1 not only in so-w-tic 1 

cells of the pla.nt and in the endosperm cells of the kernel, but also in 

ancestor cells of the gametes, that is, in the sporogenous or gametophytic 
p 

&  
cells. '12ne frequency of their occurrence in these cells, and the phenotypic 

9 

expression that will result from  this is related directly to the state of 
/ 

the al m -1 locus itself (see table 1). W itin most states, the majority of 

germ inal mutations modify the locus in such a way that it is subsequently 

capable of acting much like the standard Al locus. i-iop$ev~;~ , all states 

give rise to some germ inal mutations that cqress a r;uch reduced capacity 
[gd 

for pigment production, State -, figure 1 , produces almost exclusively 

this latter t>Te of mutant. Nhen plants carrying a1 m -1 and Spm are 

crossed by plants that are homozy,gous for a 
1' some kernels on the 

4b resulting ear may exhibit a modified phenotype and this is the consecuence 
4 

of a germ inal mutation at al m -1 =-fJL 
. m W  kernels are uniform ly pigmented 

usually 
and the intensity of this/differs markedly from  that al:,pearing in the ke:nelE 

QW 
having an uumodified al m -l locus and no Spm, aernels exhibiting phenotypes 

4 A  
. . e/ were removed from  we& arsJand 

tne plants grown from  them  were exaylined for antbocpanin distribution and 

w tested for presence or absence of Spm, It wzs found that 



b 

these kernels gave rise to plants that were unif'orml:: pigmented, ijhen, in 

turn, th Q$$ m we::e crossed by plants that were homozygous for al m-1 

but had no Spm, it ws learned that 

absent in others, Howev;:r, in all 

~-hQWLcLLQM (?-.&k&-x. &a& 

Spm was present in some of them and 

-4.i phenotype produced by the 
-, the/mutated locus 

. 

plants were also crossed b;:: plants carrying Spm and from this test it was 

ti learned that &he mutant locus in those plants that had no Spm would remain 
4 

unaltered in expression when S-pm. was introduced. 

The most grazhic illustrati:.n of stability of mutants in the presence 

of Spm is derived fromc'rosses of plants carryfing the state of . a 1 
m-1 ( ylL0-l 

that produces no anthocyanin in tAe absence of Spm but gives rise to many 

early occurring mr4;ations to low alleles of A in its presence. 
1 When 

this state is present, the frequency of occurrence of germinal mutations is 

high, and they are revealed MD*- by the appearance of 

kernels exhibiting a uniform distribution of pigment over the aleurone 

layer. The intensity of this pigment among the different kernels ka ving 

germinal mutants varies from very faint in some to rather dark pale in 

others, 'The same range in intensity of pigmentation is expressed in the 

d Ab plants grown from these kernels, the;degree correspond& with that &HWB 
4 4 .- 

shown by the kernel from which the plant arose+ 'i:leie plants, in turn, 
/' 
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w were crossed with We Spm tester stocks4ie order to determ ine the 

presence or absence of Spm in them , WN~ Spm was found to be present in some 

of them . The stability of the mutant in the presence of Spm was clearly 

revealed in this test cross. Some of the kernels on the &EX& ear 

mQA4! . resulting from  this cross m  the muta3+Jlocus and Spm C&W+&! from  , 

one parent and the a1 m -l locus C&E&L& from  the other parent. 3% I?ne::e 

exhibited 
kernels,/ spots of deep pigmentation in a uniform ly pale colored background, 

E3gure 3. The deeply nigmented spots re@ rec,ent Spm induced mutations at the 

m -l 
a1 locus contributed by the tester stock. The lightly pigmented 

background in which these appear reflects the action of the mutated locus 

-aN*;bhq~d~ 
. contributed by the other parent,- ~&&viously d the presence 

4 

of Spm, 



Types of Spm elements 

The phenotypic expression 
A 

m element, considered in the 

previous sccti-ns, was remarkably constant and predictable, notwithstanding 

lJJJ&~wb~we~~~- . th+any diff;.rent locations of itAthat m . However, Spm 

elements w:ith modified tyres of Gk3.A w have appeared and the origin and 

expressi,n of one t;S;ne will be considered here. Occasinnally, on the 

ear of an al mW1 Spm carr:.Ting plant, a kernel J- an aberrant phe:ot::p@ 2 
rwcsmqu~*~~~ * e-will appe:lr t Instead of showing a number of deeFly pigmented 

spots in a colorless background, such kernels show only a tiny spot or 

several such spots in a colorless background. Plani;s h akz2h%n p?own 

from several such kernels and they and their progeny4tested to determine 

@@Q-e- -G!& 
the m && the altered phenotypic expression. These have s?own that 

in =kyels 

4 

,? 
q L 

9 an Spm-type element is present but its capacity to 

suppress gene action at al m-1 and to induce mutations af? &&is locus is 

much weakened. It has therefore been symbolized as Spm-w,B 

In tis section, the stzndnrd Spm wlement will be designated Spm-s to 

distinguish it from the Spm-w element. 

Spm-w elements Mxve been located in several different chromosomes. 

4-&L llppJ&u,qti*~@~ccuabn,B-wBuJBh 
The one w ICE,; will be considered 1~ 4 m &3 a plant carrying Spm-s in 

. , '* . . m-l .;_-#aB-\ 
chromosome 5. “ A This plant wris al Sh2(state -', figure l#/ al sh2, 



b 

Pr.+hr SPm-s, Y/Y, wx/wx in constitution, was crossed by a plant that 

was Bomozygous for a 1' sh2r YY Pr, and Wx and had no Spm. On the resulting- 

(woQ4 
ear there were 87 uniformly pigmented Sh 2 kernels, 

n 
103 Sh2 kernels that 

c spbl-4 puell 
had a number of deeply pigmented spots in a colorless background, and & 

4 1- 
small . 

Sh2 kcrnelp that showed only severaly/dots of deep pigment in a colorless 3 

background, In addition, tl-.ere were 186 sh2 kernels that were tota1J.y 

-t)*p 3 Q4pdaQ 'L-4 b% 
-4 

colorless. Progeny was grown from &A. k4classes of kernels & tested 
4 ~Wpi&Q 

for presence or absence of Spm, r'rom such tests it was possible to learn 

variegated 
of tne presence of Spm-s in the pr carrying chromosome of the/parent plant. 

-If4 
BeU+plan-t+ derived from the Sh2 kernel+ that showed only several tiny 

spots of deep pigment in a colorless background w&$$ uniformly pi,gmented 

if P and in this res!)ect, -resembled the plants that had no Spm: Two ears 

-&Ah 
of m plant+ were used in test crosses. Pollen from a plant 

homozygocs for al, sh2, y, pr, and Wx and :?aving no %m was used on the 

that wc:s Y/y but s-f\? 3-' 
silks of one ear and pollen of a plant/homozpgous for a1 m-l 

3 
(state-, figure 

l), Sh2, pr, and wx and ;!avl.ng no Spm was used on silks of the second ear. 

The kernel types on bhem resulting ears indicated that the constitution 

of the tested plant was al m-1 Sh2/al sh2, Wx/wx, h-/h, y/y.tiS 

kernels exhibiting 
nemm However,/the same phenotype as that from w ich the 

plant arose segregated on each of these ears. Among the 328 kernels 
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appearing on the ear produced by the latter cross, 169 were uniform ly 

pigmented (no Spm-type), and 78 of these wer:: Wx and 91 wx. The-e w%re 

118 kernels that had the same phenotype as that from  w:?ich the parent plant 

arose ($7 Wx : 51 wx) and in addition, there were 51 totally a~lorless z 
: 

kernels (27Wx: 24 WX). In order to detsrm ine the factors responsible for ! 

the modified type of expression of a1 m -l , plants were grown from  wfl 3 fi 4 
. 

classes ms on t!lis ear eele : 
2 

wd. At maturity, the phenotypes of the plants derived 

Q4Ahc&u i.du 
; 

from  all three classes of kernels were &IA,s. &ach was uniform ly pigmented, 
~ 
, 

$ 

that w::s homozygous for al, sh2, y, and had 1 spm-s eleraent closely 'inked : 8 
&4JJo 

I . 
with y in one chromosomer6, Some of the&pollen palTents were Pr/pr and 4 

A 

others we:-8 pr/pr, From these tests-it was concluded that an Spm IS& 
4 

element with much IUU&XE& weakened action wt in m  

phaahs derived from  the kernels that were eaither %&MS&T colorless c 

of deep color 
showed only 1 or several small spots/in a colorless background, and that 

t'nis ele;xent was absent in the plants derived from  the uniform i:; colored 

kernels. The reason for t.:is conclusion is evident from  the types of 

that appeared on the test-cross ears that 
kernels/these plants producedJas shown in table (a), Those entered in A  

of t!Cs table are i'rom  ears of Tlants derived from  the unif'orm ly colored 



kernels. Those entered in B m are 

from ears of plants derived from the totally colorless Wrnels or those 

1 or several . . 
in wr~ich only $ small syot deep color appeared. Only two classes of 

al 
m-1 carr:~Ting kernels appeared on the ears of plants entered in A We 

ta& IIalf of them were uniforml y dark pale in color (no $m) and half .' 

exhibited many spots of deep pigmentation in a colorless background 

(Spm-s present). On the other hand, the a1 m-1 carrying kernels on ears 

produced by plants entered in 2 of tllis table fell into four classes. 

Iialf of them (1323 kernels) exhibited the tyi?ical pattern of variegation 

produced when Spm-s is present. A qua:er of them (629 kernels) were 

unifor:CLy dark pale in color (no Spm), 'he remaizh&ng quater (693 kernels) 

showed either a few dots of deep pigmentation in a colorless background 

(524 kernels) or thq were totally colorless (169 kernels). In some of 

the crosses entered in &cF.& t?:is table, the male parent was pr/pru 

#wih c;kcr;sos,m ~fh$~! 
#hen these m were used w I - Y the distribution of Pr to pr 

.monp; the three classes of al mu1 Sh2 c::rr7;ing kernels indicated &CZ& <. 

the presence in the pistialtate pa::ent of a factor, carried in the pr 

cab-- 
chromosome, that is res-7;nsible for the m exhibit&a very few or 

no A 
$$bA.@J!e4ih~~ttQ\U~~~~~ w 

1 dots. The= ratiog4y entered at the foot of B of table (8). 

The$%&+indl.cated that m the Spm-s element)introduced by the 



%V d J?JJv@+ 
pollen parent)was epistatic to ti& fe 

/+ 
One of the plants belo@$.ng 

to grm-p B 02' table (a) had been crossed by a plant homozygous for al Iti-1 

sh29 Y, and pr and having no Spm. 'i7he types of kernels this cross produced- 

also indicated the presence of the weakened Spm-type factor that was 

carried in the pr chromosome, Tnere were 253 un3.formCl.y pigmented kernels 

of wlch 70 were. Pr and 183 were pr; 146 kernels showed 1 or several small 

AL dots in a colorless background and 112 of these were Pr and 34 we?-. pr, 

In addition, there were 69 totally colorless kernels. 

Another series of progeny tests were conduced with plants derived 

from the several classes of 1. trnels on the ear -.j,ust described and also 

from kernels entered in B of table (a). These progeny tests confirmed 

the concl~~s-ions derived from the tests just described. Details w!ll not 

-w* 4 
f@ g.@+m here but in order to indicai;e the obviousness of the conclusfons, 

data from test crosses of seine of these plants are given in table (b). 

It was learned from these studies that the spm-w ele-?ent behaved as a 

weakened Spm element both I-J:th regard to suppression of pigment Yomat:ion 

at al m-1 and wit11 repard to mutation producing capacity. :jhen it is 

present, the plants having alm'l develop pigment but the rate of this is 9 

much slower than in the al m-1 plants that have no Spm element. Also, 

suppx,ession of pigment formation in the kernel is not 



f -* 

?b NJ-@% 
coloration ma; appear ti the base of kernels that 'nave Spm-w. In order to 

A 

determine if the Spm-w element has a weakened capacity to induce mutations,- 

it was incorpoy,dated into plants !=aving var:ious different states of a m-1 
1 

but no Spm-s. These tests indicated that the presence of Spm-w results in 

a marked reduction of the frequency of occurrence of mutation but does not 

their 
alter the time of/occurence,r ' This latter remains a function of the state 

of the al m-i locus. 

Although Spm-w elements residing in different chromosozzes of ti7.e 

comn?,ement have been detected, no evidence of transposition of t is element 1 t 

has yet been obtained. Tests of trlis are not extensive, ';lowever, and thus 

no conclusions regardring this mag yet be drawn. The origins of Spm-w 

elemen$s from modifications of Spm-s elements is to be suspected but &MS 

Bonclusion,*could only be considered as tentative since evidence in suzport 

of it is li:zi.ted toAjtwo:casks:W Spm-w elements appeared in the same 

chromosome that had carried Spm-s, w 
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Modifier element in the Spm system 

In the course of a test undertaken to examine Spm number and location 

in the Trogeny of a plant carrying two Spm elements, both located in one 

chromosome 5, a kernel appeared on 
QJQ 

89; ear of a s&+&e plant in w:--ich 

the f're+ency of mutation at alml was greatly augment;d. Subsequent 

tests of the plant derived from this kernel and its progeny indicated the 

presence of an element, belonging to the Spm system, that incl~~:ases the 

.frer~.uency of occurrence of mutation at a m-1 with each of five tested 
1 4 

skates of At, but does not alter the ti>?e during Wed~evelopment when 
J 

g0j.p \ 
qts presence may be detected only when Spm also is present, 

these will occur. 1 Like Spm, it may undergo transposition. In all 

essential respects, it acts like a com?&ementary controlling element 

within the Spm system, 

The kernel carrying the modifier element appeared on % eaxof a 

ixonfw Q4db-L . ' plant th$%t was alm” Sh2/al sh2, Pr/Pr, Wx/%Jx im n when/W had 

been used in a cross with a plant that was homozygous for al, sh2 pr, and 

Wx and had no Spm. / On th§?Beearg,there were 167 uniforr;lly dark pale colored 

kernels in the Sh2 class (no Spm), 186 Sh2 kernels ~3 th spots of deep color 
( +h pw~~ 

in a colorless background,tith a pattern of mutant spots similar to that 
-/;(A 'd- (y--r, .&c{ d@ Gwcoc$q 3-l. 

shown in xx-f figure 1 
cxq h- \ B aere'were also 384 colorless, sh2 ke?nels. 

%I- 
In addition, on one of these -ears, a single kernel appeared that 

4 



exhibited a very marked increase in the number of pigmented spots. LiJm 

.!. ?puis &?/.x 
ker~-a,.&$& plant'gzown from & also exhibited a very high 

4 

rate of mutation at al 
m-l in its somatic cells. In order to examine the 

nature of the m*odification that was responsible for t:is marked increase in 

Frequency of mutation, one ear of t?is plant,(number 68891, was self- 

pollinated. Another ear received pollen from a plant that ws ~~omozyg~~s 

EF 
for a 1 

m-1 (state i Iit Sh2, pr, and wx. The reciprocal cross was also 

made. In addition, po4l@n from plant 6889 was placed on the sdlks of 

&E%WB=@ two plants that were homozpgous for al9 sh2, gr, and had not Spm, 

The kernel types and the ratios of them that appeared on the ears produced 

by these crosses indicated the presence of one Spm element in plant 6889 

but it was not linked with Pr, Among the variegated kernels, there were 

two classes. In one, the kernels exhibited the expected number of mutant 

spots. In the other, one the other hand, the number of these spots was 

greatly incrased, 
variegated 

The ratios of these two types of/kernels suggested 

the presence in plant 6889 of an independently located modifer element 

thct serves to increase the frequenc;r of mutation at al m-l and does so 
j-i\QR-1 Ill% 

either with state 'a or state m . In order to verify this, kernels were 

selected from the various classes &a these ears,and the plants grown from 

them were again tested for presence or absence of thjthmodifier in accordana 



c- ‘1 
4 

with the phenotype of the kernel from which the plant arose. These tests 

verified the presence of the modifier in those plants that were derived 

from the kernels shwing an increased frequency of mutation and its 

absence in those plants that were derived from the kernels tnat exhibited 

the usual frequendy of mutation associated with the state of al m -l present 
\ 

in the plant, They also showed that Spm w2.s required for the modifier to 

be expressed. It was also possible to learn rrom these tests that the 

modifier undergoes transposition in somatic e6tf3.a. This results in 

removal of it from some cells, and increase in its number in others. 

In one case, this resulted in its insertion into chromosome 9, and linkage 

of the modifier with W x  could be detc:rmined in plants having the modifier 

in this location. R&oval from this location and insertion elesewhere coul 

also be followed. Detailed evidence for the statements given above 

cannot be included in this report, Hoever, in order to indicate some of .\ 

the methods used in obtainhng this evidence, several of tne tests will be 

outlined. 

In the cross of plant 6889 to a plant thc.t was homozygous for a 1Y sh 2 

and had no Spm, 12 plants derived from the variegated kl:rnels showing the 

usual number of mutant snots (Spm, no modifier) were crossed by T ,lants 

holrozygous for al, sh2 and having no Spm, and also b: plants homozygous for 



al m-1, (state "), Sh2 and ha.ving no Spm, The types of kernels on the 

ears these crosses produced are entered in A and B of table . iii&t 

plants derived from the varie,gated kernels with an increased number of 

mutant spots (Spm plus modifier) were also used in crosses of the same type, 

The t:rnes of kernels a-clpearing on the ears resulting from thecross with 

the plants homozggous for al and sh2 are entered in C of table . 

Because the kernels on the ears produced by the cross with the al m-1 
M... 
__ .._ 

Six2 no -pm tester plants have different states of a1 m-1 in them that wovld 

require additional categories of kernel t,,pes in the t-cble, they hc.ve been 

excluded from it, 
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present in some of its gametes. F,yllowing introduction of the a m-1 locus 
1 

~.i 
from the male parent, the rresenc.. of Spm in t:?ose kernels that received it 

;' 
i 

from the female pa:.>ent should fb 'e revealed by the appearance in tnem of small 
I 

deeply pigmented s??ots in a olorless background due to activation of tne ..' I / 
m-l 

a1 locus by the Spm el In tfiose kernAs that did not receive Spm, 

the aleuron Among the 30 plants 

derived fro f kernels, it could be determined 

on this has ement and 15 had no Spm, In 13 

of' the 15 p it with Y was evident (A, tablea) 

but in the linkage of Spm wit'n Y was noted (B, table4 

(The reason e of Spm witn Y in tl?.ese 2 plants will 

It need only be mentioned here that 

this iS i 

4 

t une-ected.) Among the 2h plants derived from tine colorless, 

sh2, y class of kernels, 6 had a single Spm element (C, table a), and 18 

had no Spm, _ -_,__" -- . . ..-.-. .^1- - " -- ._ --_-- --_uI1...--_ _ '-- -... _ _,_ .-,. __._ _^.._., . .- _ ---, _.__ , ,,,', --__- __ _. -.------ *'-I ,_ __ 

In the above described test, the state of a1 m-l present in the 

tester stock (pollen parent) was either that shown in -- or - of gigure 1. 

i 
All of the kernels having Spm exhibited the pattern of variegation 

i i 
cha-acteristic of the introduced z&ate,-- small spots of deep pigmentation 

in a colorless background, and those spots were rather uniforml:r distributed 



over the aleurone layer. Also, all those that had no Spm were uniformly 

pigmented either daray pigmented if state .. had been introduced by the 

male pax>ent, or lightly nigmented if state - .c- had been so introduced. 

More than one fertile tir was ;-reduced by some of t>:ese plants. This made' 

it possible to place on the silks of some of these additional ears pollen 

of plants in w':ich Spm was considered to be absendt but in w ich other 

states of al m-l weL';e present, This was done with plants having the state& 
/ 

'shown in r, -,-, and - of' figure 1, It was found that if the element 
; 

present in the pistillate parent had activated the state of al m-l present :i !! I 

in the tester stock, it would also activate each of these other states of: 

m-1 
al l 

However, thepattern of variegation that appeared in the kernels ' 

that received Spm was not the same as that given by the tester stocks. i , 

Inste:.ad, it was that wjxich characterized the particular state of alm'l ! 

that had been introduced by the pollen parent. That the activating element: 

nevertheless, was the same for each state could be s‘own in some of these I 

tests by means of its linkage with Y and an illustxtion of t:-is is given i 

in D of table & { testswhich show6 the activation of the i I 

diffe.~.ent states of al m-1 by the same Spm element wf$"conducted and the j 

result of one of these tlffaaa is illustrated in figure 2. In t3i.s test, 

m-l a variegated plant having the state of al' shown in - of figure 1 was 
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was crossed by the Spm tester stock having the state shown in - of figure 1, 
4 

Without exception, all kernels that exhibited t'ne pattern of variegation 

m-l 
characteristic of the state of al present in the female parent likewise 

exhibited the pattern of variegation characteristic of the state of a m-1 
1 

that was p-esent in the male parent. The same element activated both 

m-l states of al . Another type of test involved use of -&I= 
,i 

iJ& 
owrl &SW 

plan-&that w hoxlozygous for the standard recessive, al in wi:ich We Spm 

b& 
q . 1' ' :*:4. 

. rb Lb.+ .., _ _ d * . . . - hv w n J :e Y 
Lz; 

i . EMlen " I- 
ddti mb 

_a 
6E9 ‘> :. *. .T : I I' 

from see43 *plant was w \I the silksof 'ati of 
A 

nonaaz:iegatedC 
‘\ 1 

a1 
m-l @5C lf.q@Qd4 

plants among which m different states/~=~~~nM. $$[wu, 

) qlluisqrs 
each -test 

4 
the p!i$iLa of variegated to non-variegated kernels 

was the sane, m-l regardless ofthe state of al that was present in the i 

pistillate parent, 
.,:I-$. A 

l *  - - the number of Spm elements in the pollen parent, Again, if 

linkage of Spm to a given marker was expressed among the kernels on one 
4 

ear, it was also expressed in all ears where this could be detected. 
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